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ABSTRACT
Purpose: The objective of the present investigation was to longitudinally monitor stability changes of implants inserted
using traditional rotary instruments or piezoelectric inserts, and to follow their variations during the first 90 days of
healing.
Materials and Methods: A randomized, controlled trial was conducted on 20 patients. Each patient received two identical,
adjacent implants in the upper premolar area: the test site was prepared with piezosurgery, and the control site was prepared
using twist drills. Resonance frequency analysis measurements were taken by a blinded operator on the day of surgery and
after 7, 14, 21, 28, 42, 56, and 90 days.
Results: At 90 days, 39 out of 40 implants were osseointegrated (one failure in the control group). Both groups showed an
initial decrease in mean implant stability quotient (ISQ) values: a shift in implant stability to increasing ISQ values occurred
after 14 days in the test group and after 21 days in the control group. The lowest mean ISQ value was recorded at 14 days
for test implants (97.3% of the primary stability) and at 21 days for the control implants (90.8% of the primary stability).
ISQ variations with respect to primary stability differed significantly between the two groups during the entire period of
observation: from day 14 to day 42, in particular, the differences were extremely significant (p < .0001). All 39 implants were
in function successfully at the visit scheduled 1 year after insertion.
Conclusions: The findings from this study suggest that ultrasonic implant site preparation results in a limited decrease of
ISQ values and in an earlier shifting from a decreasing to an increasing stability pattern, when compared with the
traditional drilling technique. From a clinical point of view, implants inserted with the piezoelectric technique demonstrated a short-term clinical success similar to those inserted using twist drills.
KEY WORDS: clinical trial, implant site preparation, implant stability, piezosurgery, resonance frequency analysis

INTRODUCTION

Implant stability is one of the fundamental prerequisites
for achieving successful osseointegration and must be
maintained for the entire healing period in order to
avoid micro-movements, which could lead to fibrous
tissue formation around the fixture. Specifically, literature suggests that there is a critical threshold of micromotion above which fibrous encapsulation prevails over
osseointegration (50–150 mm).1–3

Osseointegration is a biologic response leading to a
direct structural connection between living bone and
the surface of an implant under functional loading.
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Implant stability, over time, can be considered a
variable combination of primary and secondary stability. Primary implant stability is a mechanical phenomenon influenced by factors related to implant (design
and dimensions of the fixture), patient (quality and
quantity of bone), and operator (surgical technique):
it is highest just after implant placement, because of
mechanical compression of the fixture on bone walls,
and it decreases with time. Secondary stability is
the progressive increase in stability related to biologic events at the bone-implant interface such as
new bone formation and remodeling4: it is absent
at the time of implant placement and increases with
time.
Different clinical methods for monitoring implant
stability at various stages have been proposed,
such as Periotest® (Siemens AG, Bensheim, Germany),
Dental Fine Tester® (Kyocera, Kyoto, Japan), and
Osstell Mentor® (Osstell AB, Göteborg, Sweden).
However, Periotest and Dental Fine Tester have been
the subject of criticism as a result of their poor sensitivity and because their measurements are significantly
influenced by variables such as the vertical measuring
point on the implant abutment, the handpiece angulations, and the horizontal distance of the handpiece
from the implant.5–7
Osstell Mentor determines implant stability using
magnetic frequencies between a transducer screwed to
the implant (a magnetic peg) and a resonance frequency analyzer.8,9 The magnet on the top of the peg is
excited by a magnetic pulse, and the wave feedback
is interpreted as a numerical value (0–100), which is
linearly related to the degree of micro-motion of the
implant. By means of resonance frequency analysis
(RFA), implant stability can be quantitatively assessed
and followed over time as a function of the implant’s
stiffness in bone. The main factors influencing RFA
measurements are bone structure (the most important
is cortical thickness) and, to a lesser degree, implant
length.10–12 Implant stability quotient (ISQ) values
seem not to be affected by instrument positioning:
especially if two-directional readings are performed,
results are reliable and sensitive.13
The arising of secondary stability is strongly influenced by fixture characteristics and surgical technique.
In the last 20 years, many experimental investigations
have demonstrated that the bone healing process was
modulated by implant surface topography14,15: in par-

ticular, moderately rough surfaces promote a faster
and more efficient osseointegration than smooth surfaces.16,17 In addition, recent data support the role of
bioactive surfaces, suggesting that critical steps in
osseointegration can be enhanced by nanoscale modifications obtained by chemical and physical treatments of
the implant surface.18–24
Although a wide and comprehensive mass of studies
focuses on the effectiveness of diverse fixture characteristics, very few works analyze relations between site
preparation technique and bone healing response,
despite the fact that atraumatic preparation of the
recipient bed has been always considered an important
factor in influencing osseointegration. These studies
consider factors related to twist drills (heat generation,25,26 type of irrigation,27 effects of wear28,29) and
osteotomes,30–32 whose application is, however, limited
to medium-low density bone.
The introduction of piezoelectric bone surgery33,34
paved the way to new possibilities in performing
osteotomies utilizing an ultrasonic surgical system. Currently, the effect of ultrasounds is being widely investigated in various fields of medicine: in orthopedics, they
are used to accelerate healing of bone fractures and ligament damage by promoting cell proliferation and bone
matrix synthesis.35–37 Other experimental studies have
postulated an ultrasound influence in promoting angiogenesis38 and in stimulating odontoblasts to produce
reparative dentin, simultaneously activating dental pulp
stem cells to differentiate into odontoblasts.39 Multidisciplinary clinical reports on the application of ultrasounds in bone surgery obtained promising results in
terms of precision and safety.40–49 Moreover, two recent
animal pilot studies concluded that piezosurgery
appears to be more effective than drills in favoring bone
healing in periodontal and implant surgery: an ultrasonic cut induces an earlier increase in BMP-4 and
TGF-b2 levels, controls the inflammatory process, and
stimulates faster bone remodeling.50,51
The objective of the present investigation was to
longitudinally monitor stability changes of implants
placed in sites prepared with twist drills and piezoelectric inserts, and to follow variations during the first 90
days after insertion. The null hypothesis of this study is
that there are no differences in implant stability during
the early phases of healing between implants inserted
using rotating instruments and implants inserted with
the piezoelectric technique.

Twist Drills versus Piezosurgery

3

MATERIALS AND METHODS
Study Population
This randomized, controlled pilot trial included 20 adult
patients needing two adjacent implants in the maxillary
premolar area. It was required that edentulous areas had
at least 6 months of healing, without any grafting procedure performed at the time of, or after, teeth extraction. Patients were requested not to wear any kind of
removable prosthesis. General exclusion criteria were
the following: acute myocardial infarction within the
past 6 months; uncontrolled coagulation disorders;
uncontrolled metabolic diseases (i.e., diabetes mellitus
and bone pathologies); radiotherapy to the head/neck
district within the past 24 months; present or past treatment with intravenous bisphosphonates; psychological
or psychiatric problems; heavy smoking (>10 cigarettes/
day); and alcohol or drug abuse. Local exclusion criteria
were the following: the presence of uncontrolled or
untreated periodontal disease; insufficient bone volume
to insert implants without augmentation procedures (a
crest of at least 10 mm in height and 6 mm in width was
required); and insufficient mesio-distal crestal space to
properly insert two adjacent implants of 4 mm in diameter (a minimum edentulous crestal space of 14 mm was
required).
The study protocol was approved by the Ethics
Committee of the University of Trieste, and all subjects
signed a written consent form.
At the initial visit, all subjects underwent a clinical
and occlusal examination, and panoramic radiographs
were evaluated. Then, a prosthetic assessment with diagnostic waxing was carried out, and a computed tomography scan with a template was performed in order
to study the programmed implant sites. The sites were
randomly assigned to the test or control group by a
computer-generated table, which was prepared using a
balanced, randomly permuted block approach.
Treatment
All of the implants were inserted by a single operator,
familiar with both traditional and piezoelectric surgical
techniques. Patients were premedicated with two tablets
of amoxicillin/clavulanate potassium (875 + 125 mg)
(Augmentin, GlaxoSmithKline, Brentford, UK) 1 hour
prior to the surgery. Under local anesthesia (articaine
HCl 40 mg/mL with epinephrine 1:100,000 – Alfacaina,
Weimer Pharma, Rastatt, Germany), a full thickness

Figure 1 Type and sequence of rotating and piezoelectric
instruments used for implant site preparations in this study.

mucoperiostal flap was elevated, and the underlying
alveolar bone was exposed for osteotomy. After flap
reflection, the randomization envelope was opened, and
the assigned treatment was revealed to the surgeon. Two
adjacent implant sites were prepared in each patient
during the same surgery: the control site (group A) was
performed with drills (Biomet 3i, Palm Beach Gardens,
FL, USA); the test site (group B) was performed with
specific piezoelectric inserts (Piezosurgery, Mectron,
Carasco, Italy) (Figure 1). Manufacturer recommendations were followed for sequence of drills and piezoelectric inserts in preparing implant sites. Each drill and
piezoelectric insert was used to prepare no more than six
implant sites (in three following patients). The last
instrument used was 3 mm in diameter, in both groups,
and no bone tapping was performed in any site. Immediately after the insertion of the implants (Biomet
3i, NanoTite Parallel Walled Certain 4.0 ¥ 10 mm),
a blinded operator recorded in triplicate ISQ values
from mesio-distal, disto-mesial, bucco-lingual, and
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linguo-buccal directions. Disposable transducers
(SmartPeg, Osstell AB) and an Osstell Mentor instrument were used. Instrument calibration was verified
before and after each patient visit, using an implant fixed
in an epoxy resin block.
As an additional record, surgical time from the first
perforation of the cortical bone to the moment in which
the implant reached the final position was registered for
each implant inserted with both techniques.
The flaps were then sutured with polyamide
pseudo-monofilament (Supramyd 5/0, Butterfly Italia,
Cavenago Brianza, Italy); the implants were left unsubmerged and connected with healing abutments of
appropriate length (10 N/cm torque). Patients were prescribed with ibuprofen 600 mg tablets (Brufen, Abbott
Laboratories, Abbott Park, Chicago, IL, USA), when
needed, and chlorhexidine 0.2% 1-minute rinses, twice a
day (Corsodyl, SmithKline Beecham, Brentford, UK).
Sutures were removed 7 days after surgery. A
blinded operator collected ISQ measurements following
the previously described protocol after 7, 14, 21, 28, 42,
56, and 90 days. In addition, each implant was evaluated
at all visits for mobility, pain, and signs of infection.
After 5 months, all implants were restored with
custom abutments and luted metal-ceramic crowns. All
patients were followed for at least 1 year after implant
insertion.
Statistical Analysis
Stability of each implant was described at each time
interval with a single ISQ value (mean of 12 measurements), and the Kolmogorov-Smirnov test was applied
to assess data normality. The outcomes were longitudinally analyzed, within the same group, using the analysis
of variance (ANOVA) test for repeated measures, while
the comparison between the two groups was performed
using the t-test for unpaired samples (R Software version
2.6.2, R Foundation for Statistical Computing, Wien,
Austria). The level of significance was set at a = 0.05.
RESULTS
Twenty patients (12 males, 8 females – age range from 41
to 81 years – mean 59.7 1 13.6) received 40 identical
implants in the maxillary premolar area. No dropouts
occurred during the entire period of observation. Ninety
days after the insertion, 39 out of 40 implants were
osseointegrated (one failure in group A after 21 days).

TABLE 1 Mean ISQ Values at Different Time Points
Mean ISQ Value
Time Point

Drills

Piezoelectric

Baseline
7 days
14 days
21 days
28 days
42 days
56 days
90 days
Significance

72.2 1 5.8
68.5 1 7.1
66.7 1 7.4
65.6 1 7.2
66.1 1 6.7
66.4 1 7.2
67.3 1 6.2
69.2 1 5.5
p < .0001

70.5 1 5.8
69.3 1 6.2
68.6 1 6.5
68.8 1 5.8
69.4 1 5.2
69.6 1 4.5
70.1 1 3.6
71.0 1 2.9
p = .1142

Repeated measures analysis of variance performed within each group
showed that ISQ variations among the drills column were significantly
greater than expected by chance (p < .0001), while ISQ variations among
the piezoelectric column were not (p = .1142).
ISQ = implant stability quotient.

Except for the failed implant, no other evidence of
adverse local or systemic side effects was observed in any
site throughout this study.
ISQ measurements, collected in triplicate, showed a
high degree of repeatability (less than 2% variation for
single-implant measurements). Differences in the mean
ISQ at the time of placement between group A (mean
ISQ 72.2 1 5.8) and group B (mean ISQ 70.5 1 5.8) were
not statistically significant (p = .3215). Maximum and
minimum ISQ values recorded at the baseline in groups
A and B were 84–58 and 83–56, respectively. Mean
ISQ values at different times with relative statistical
significance are reported in Table 1 and visualized in
Figures 2–4.
A repeated measures ANOVA performed within
each group showed that ISQ variations in the drills
group were significantly greater than expected by chance
during the entire period of observation (p < .0001),
while ISQ variations among implants inserted with the
piezoelectric technique were not statistically significant
(p = .1142).
Both groups showed a decrease in ISQ values during
the first period after implant insertion. The lowest peak
was recorded at 21 days for group A implants (mean ISQ
65.6 1 7.2 – 90.8% of primary stability) and at 14 days
for group B implants (mean ISQ 68.6 1 6.5 – 97.3% of
primary stability). After the third week, values increased
constantly in both groups: group B implants, at the
90-day mark, surpassed their baseline ISQ values. ISQ
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extremely significant (p < .0001). Table 2 reports ISQ
percentage variations for both groups at different time
points with relative statistical significance. Figure 5
depicts a visual description of stability pattern trends.
Mean surgical time registered from the first perforation of the cortical bone to the moment in which the
implant reached the final position was 6.00 minutes
(95% confidence interval [CI] 5.45, 6.55) for the drills
procedure and 7.15 minutes (95% CI 6.74, 7.56) for
piezoelectric surgery. The difference between the groups
was statistically significant (p < .01).
All 39 implants were in function successfully at the
visit scheduled 1 year after insertion.
DISCUSSION
Figure 2 Implant stability quotient (ISQ) levels in the drills
group at different time points. Significant differences were
observed when performing a repeated measures analysis of
variance (p < .0001).

range recorded 90 days after implant insertion varied
from 79 to 55 in group A, and from 80 to 64 in group B.
Stability loss analysis (mean ISQ percentage of
decrease compared with primary stability) resulted in
a statistically significant difference between the two
groups during the entire period of observation: from
day 14 to day 42, in particular, the difference was

Figure 3 Implant stability quotient (ISQ) levels in the
piezoelectric group at different time points. No significant
differences were observed when performing a repeated measures
analysis of variance (p = .1142).

The aim of this study was to longitudinally evaluate
changes in stability of implants inserted in sites prepared
with rotary and ultrasonic surgical techniques.
In this work, we tried to minimize all of the factors
influencing implant primary stability11,12 in order to
focus our attention on the impact of surgical technique
over the healing process. We used implants identical in
diameter, length, macrotopography, and microtopography (a bioactive surface, which is very efficient in promoting fast bone formation19,20). Surgical site choice
(upper premolar area) and operating technique (single
operator and the same final diameter of the osteotomies
in both groups) were standardized as much as possible
in order to minimize subjective final outcomes.
RFA was chosen as a noninvasive and reliable
method to assess variations in implant stability over
time.9,52 RFA registrations are directly related to the stiffness of the implant in the surrounding bone: during
healing, an increase in ISQ values presumably reflects
new bone apposition at the implant-bone interface.
Mean ISQ values of both groups registered in
this study, at the time of implant placement and
after 90 days, are in line with other clinical studies
conducted with parallel-walled implants of different
brands.11,12,53–55
Stability of both groups, starting at the baseline
from comparable ISQ values (p > .05), decreased during
the first period of healing. Many studies demonstrate
that bone modeling and remodeling adjacent to the
implant surface lead to a decrease in ISQ values within
the first 3 weeks.11,12,56–59 These findings suggest the existence of a time interval between primary and secondary
stability during which the mobility of the implant may
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Figure 4 Changes in mean implant stability quotient (ISQ) values of both groups during the first 90 days after implant insertion.
The lowest peak was registered at 14 days for the piezoelectric group and at 21 days for the drills group. (RFA = resonance frequency
analysis.)

TABLE 2 Loss of Implant Stability during Early
Phases of Healing
Loss of Stability (%)

Significance

Days

Drills

Piezoelectric

p Value

7
14
21
28
42
56
90

-5.2
-7.6
-9.2
-8.5
-8.2
-6.7
-4.3

-1.7
-2.7
-2.5
-1.6
-1.3
-0.5
+0.6

.0296
.0006
<.0001
<.0001
<.0001
.0020
.0179

Stability loss analysis (mean implant stability quotient percentage of
decrease compared with primary stability) resulted in a statistically significant difference between the two groups during the entire period of
observation: from day 14 to day 42, in particular, the difference was
extremely significant (p < .0001).

increase. Berglundh and colleagues,60 in studying the
sequence of wound healing events surrounding dental
implants, demonstrated that in areas of primary
mechanical stability at the pitch of the implant threads,
osseointegration occurred after bone-resorptive processes, which can jeopardize mechanical stability for a
short period of time. The transition point from decreasing to increasing implant stability suggests a change in
bone metabolism from mainly resorptive to mainly
appositional.
In the present study, control group implants had
their lowest ISQ peak at 21 days (9.2% decrease from
primary stability), according to the observations of a
number of other clinical studies conducted with traditional site preparation.11,12,56–60 In the test group, ISQ
values began to increase after 14 days: a 2.7% ISQ

Figure 5 Implant stability quotient percentage of decrease in both groups during the first 90 days after implant insertion. The
maximum loss of stability was recorded at day 14 for the piezoelectric group (-2.7% compared with primary stability) and at day 21
for the drills group (-9.2% compared with primary stability).
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decrease from primary stability was the lowest dip for
implants inserted with piezosurgery.
Moreover, the longitudinal changes of the ISQ
values during the entire period of observation did not
differ significantly in the test group (p = .1142); on the
contrary, variances are statistically significant in the
control group (p < .0001). Analyzing these data, we must
reject the null hypothesis of this study: in other words,
differences in implant stability between the two groups
are statistically significant for the entire period of observation. In particular, the limited initial decrease and the
early increase of ISQ values in piezoelectric sites suggest
a lower surgical trauma to the bone, with a shorter
inflammatory phase and little resorption, when compared with sites prepared with drills.
These findings are in line with a recent human comparative study,61 which showed, using bone densitometry, that piezoelectric implant site preparation results in
healing with a higher bone density and enhanced osteogenesis around dental implants with respect to traditional rotary instruments.61
The classical bone repair cascade comprised of an
acute inflammatory response and cell chemotaxis,
leading to the generation of a vascularized granulation
tissue and the proliferation of pluripotent mesenchymal
cells with a capacity to differentiate into osteoprogenitors. In the early phase of healing, macrophages and
polymorphonucleated cells remove bone debris, which,
after drilling procedures, is compacted on the osteotomy
walls, leaving little or no access to marrow spaces.62,63 A
possible interpretation of our results could derive from
the cleaning effect of piezosurgery40,64: micro-vibrations
and the cavitation effect of saline solution could result in
effectively removing bony debris and tissue remnants
deriving from site preparation, exposing marrow spaces
and favoring a rapid migration of osteoprogenitor cells
into the fresh wound.
It is important to note that the findings of this
pilot trial must be evaluated with caution because of
some limitations of the present study. Variables such as
the single operator’s surgical technique, the limited
numerosity of the sample, and the choice of the surgical site (limited to the lateral maxilla) must be taken
into account when generalizing these results. Furthermore, it remains to be determined if a difference in
stability of some ISQ points will be regarded as clinically relevant. Similarly, the drills procedure was significantly faster than piezosurgery but allows for a
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clinically nonrelevant reduction of total surgical time
(about 1 minute).
In any event, the outcomes of this study should be
considered as a trend: the repeatability of the results
and their high statistical significance must encourage
new and extensive investigations in order to clarify the
potentials and limits of “ultra-osseointegration.”
CONCLUSIONS
The findings from this pilot study suggest that ultrasonic
implant site preparation seems to have the potential
to modify biologic events during the osseointegration
process, resulting in a limited decrease of ISQ values and
in an earlier shifting from a decreasing to an increasing
stability pattern, when compared with the traditional
drilling technique. Further clinical trials and additional
long-term studies are necessary to evaluate and completely understand the bone healing process after ultrasonic surgery, and the possible clinical advantages of this
approach in immediate and early loading protocols for
dental implant therapy.
ACKNOWLEDGMENTS
The authors wish to thank Mr. Gianni Tonetti for his
help in making this study possible. This study was partially supported by Biomet 3i (Palm Beach Gardens, FL,
USA), Mectron (Carasco, Italy), and Osstell AB (Göteborg, Sweden). The authors report no conflicts of interest related to this study.
REFERENCES
1. Brunski JB. Biomechanical factors affecting the bone-dental
implant interface. Clin Mater 1992; 10:153–201.
2. Szmukler-Moncler S, Salama H, Reingewirtz Y, Dubruille
JH. Timing of loading and effect of micromotion on bonedental implant interface: review of experimental literature. J
Biomed Mater Res 1998; 43:192–203.
3. Leucht P, Kim JB, Wazen R, et al. Effect of mechanical
stimuli on skeletal regeneration around implants. Bone
2007; 40:919–930.
4. Raghavendra S, Wood MC, Taylor TD. Early wound healing
around endosseous implants: a review of the literature. Int J
Oral Maxillofac Implants 2005; 20:425–431.
5. Derhami K, Wolfaardt JF, Faulkner G, Grace M. Assessment
of periotest device in baseline mobility measurements of
craniofacial implants. Int J Oral Maxillofac Implants 1995;
10:221–229.
6. Caulier H, Naert I, Kalk W, Jansen JA. The relationship of
some histologic parameters, radiographic evaluations, and

8

7.

8.

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Clinical Implant Dentistry and Related Research, Volume *, Number *, 2011

Periotest measurements of oral implants: an experimental
animal study. Int J Oral Maxillofac Implants 1997; 12:380–
386.
Meredith N. A review of non destructive test methods and
their application to measure the stability and osseointegration of bone anchored endosseous implants. Crit Rev
Biomed Eng 1998; 26:275–291.
Meredith N, Alleyne D, Cawley P. Quantitative determination of the stability of the implant-tissue interface using
resonance frequency analysis. Clin Oral Implants Res 1996;
7:261–267.
Sennerby L, Meredith N. Implant stability measurements
using resonance frequency analysis: biological and biomechanical aspects and clinical implications. Periodontol 2000
2008; 47:51–66.
Rozé J, Babu S, Saffarzadeh A, Gayet-Delacroix M, Hoornaert A, Layrolle P. Correlating implant stability to bone
structure. Clin Oral Implants Res 2009; 20:1140–1145.
Sim CP, Lang NP. Factors influencing resonance frequency
analysis assessed by Osstell mentor during implant tissue
integration: I. Instrument positioning, bone structure,
implant length. Clin Oral Implants Res 2010; 21:598–604.
Han J, Lulic M, Lang NP. Factors influencing resonance
frequency analysis assessed by Osstell mentor during
implant tissue integration: II. Implant surface modifications
and implant diameter. Clin Oral Implants Res 2010; 21:605–
611.
Park JC, Lee JH, Kim SM, Kim MJ, Kim HD. A comparison
of implant stability quotients measured using magnetic resonance frequency analysis from two directions: prospective
clinical study during the initial healing period. Clin Oral
Implants Res 2010; 21:591–597.
Lossdorfer S, Schwartz Z, Wang L, et al. Microrough implant
surface topographies increase osteogenesis by reducing
osteoclast formation and activity. J Biomed Mater Res A
2004; 70:361–369.
Sul YT, Kang BS, Johansson C, Um HS, Park CJ, Albrektsson
T. The roles of surface chemistry and topography in the
strength and rate of osseointegration of titanium implants in
bone. J Biomed Mater Res A 2009; 89:942–950.
Kim HJ, Kim SH, Kim MS, et al. Varying Ti-6Al-4V surface
roughness induces different early morphologic and molecular responses in MG63 osteoblast-like cells. J Biomed Mater
Res A 2005; 74:366–373.
Wennerberg A, Albrektsson T. Effects of titanium surface
topography on bone integration: a systematic review. Clin
Oral Implants Res 2009; 20(Suppl 4):172–184.
Mendonça G, Mendonça DB, Aragão FJ, Cooper LF. Advancing dental implant surface technology – from micron-to
nanotopography. Biomaterials 2008; 29:3822–3835.
Orsini G, Piattelli M, Scarano A, et al. Randomized, controlled histologic and histomorphometric evaluation of
implants with nanometer-scale calcium phosphate added to

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

the dual acid-etched surface in the human posterior maxilla.
J Periodontol 2007; 78:209–218.
Goené RJ, Testori T, Trisi P. Influence of a nanometer-scale
surface enhancement on de novo bone formation on titanium implants: a histomorphometric study in human maxillae. Int J Periodontics Restorative Dent 2007; 27:211–219.
Oates TW, Valderrama P, Bischof M, et al. Enhanced
implant stability with a chemically modified SLA surface: a
randomized pilot study. Int J Oral Maxillofac Implants 2007;
22:755–760.
Cooper LF, Zhou Y, Takebe J, et al. Fluoride modification
effects on osteoblast behavior and bone formation at TiO2
grit-blasted c.p. titanium endosseous implants. Biomaterials
2006; 27:926–936.
Berglundh T, Abrahamsson I, Albouy JP, Lindhe J. Bone
healing at implants with a fluoride-modified surface: an
experimental study in dogs. Clin Oral Implants Res 2007;
18:147–152.
Meirelles L, Currie F, Jacobsson M, Albrektsson T, Wennerberg A. The effect of chemical and nanotopographical modifications on the early stages of osseointegration. Int J Oral
Maxillofac Implants 2008; 23:641–647.
Cordioli G, Majzoub Z. Heat generation during implant site
preparation: an in vitro study. Int J Oral Maxillofac Implants
1997; 12:186–193.
Tehemar SH. Factors affecting heat generation during
implant site preparation: a review of biologic observations
and future considerations. Int J Oral Maxillofac Implants
1999; 14:127–136.
Benington IC, Biagioni PA, Briggs J, Sheridan S, Lamey PJ.
Thermal changes observed at implant sites during internal
and external irrigation. Clin Oral Implants Res 2002;
13:293–297.
Ercoli C, Funkenbusch PD, Lee HJ, Moss ME, Graser GN.
The influence of drill wear on cutting efficiency and
heat production during osteotomy preparation for dental
implants: a study of drill durability. Int J Oral Maxillofac
Implants 2004; 19:335–349.
Chacon GE, Bower DL, Larsen PE, McGlumphy EA, Beck
FM. Heat production by 3 implant drill systems after
repeated drilling and sterilization. J Oral Maxillofac Surg
2006; 64:265–269.
Blanco J, Suárez J, Novio S, Villaverde G, Ramos I, Segade
LA. Histomorphometric assessment in human cadavers of
the peri-implant bone density in maxillary tuberosity
following implant placement using osteotome and conventional techniques. Clin Oral Implants Res 2008; 19:505–
510.
Rambla-Ferrer J, Peñarrocha-Diago M, Guarinos-Carbó J.
Analysis of the use of expansion osteotomes for the creation
of implant beds. Technical contributions and review of the
literature. Med Oral Patol Oral Cir Bucal 2006; 11:E267–
E271.

Twist Drills versus Piezosurgery

32. Summers RB. A new concept in maxillary implant surgery:
the osteotome technique. Compendium 1994; 15:152, 154–
156, 158 passim; quiz 162.
33. Vercellotti T. Piezoelectric surgery in implantology: a case
report – a new piezoelectric ridge expansion technique. Int J
Periodontics Restorative Dent 2000; 20:358–365.
34. Vercellotti T. Technological characteristics and clinical indications of piezoelectric bone surgery. Minerva Stomatol
2004; 53:207–214.
35. Alvarenga EC, Rodrigues R, Caricati-Neto A, et al. Lowintensity pulsed ultrasound-dependent osteoblast proliferation occurs by via activation of the P2Y receptor: role of the
P2Y(1) receptor. Bone 2009; 46:355–362.
36. Della Rocca GJ. The science of ultrasound therapy for fracture healing. Indian J Orthop 2009; 43:121–126.
37. Rutten S, Nolte PA, Korstjens CM, Klein-Nulend J. Lowintensity pulsed ultrasound affects RUNX2 immunopositive
osteogenic cells in delayed clinical fracture healing. Bone
2009; 45:862–869.
38. Ramli R, Reher P, Harris M, Meghji S. The effect of ultrasound on angiogenesis: an in vitro study using the chick
chorioallantoic membrane. Int J Oral Maxillofac Implants
2009; 24:591–596.
39. Scheven BA, Shelton RM, Cooper PR, Walmsley AD, Smith
AJ. Therapeutic ultrasound for dental tissue repair. Med
Hypotheses 2009; 73:591–593.
40. Schlee M, Steigmann M, Bratu E, Garg AK. Piezosurgery:
basics and possibilities. Implant Dent 2006; 15:334–340.
41. Wallace SS, Mazor Z, Froum SJ, Cho SC, Tarnow DP.
Schneiderian membrane perforation rate during sinus elevation using piezosurgery: clinical results of 100 consecutive
cases. Int J Periodontics Restorative Dent 2007; 27:413–
419.
42. Nordera P, Spanio di Spilimbergo S, Stenico A, Fornezza U,
Volpin L, Padula E. The cutting-edge technique for safe
osteotomies in craniofacial surgery: the piezosurgery bone
scalpel. Plast Reconstr Surg 2007; 120:1989–1995.
43. Schaeren S, Jaquiéry C, Heberer M, Tolnay M, Vercellotti T,
Martin I. Assessment of nerve damage using a novel ultrasonic device for bone cutting. J Oral Maxillofac Surg 2008;
66:593–596.
44. Stacchi C, Costantinides F, Biasotto M, Di Lenarda R. Relocation of a malpositioned maxillary implant with piezoelectric osteotomies: a case report. Int J Periodontics Restorative
Dent 2008; 28:489–495.
45. Beziat JL, Faghahati S, Ferreira S, Babic B, Gleizal A. Intermaxillary fixation: technique and benefit for piezosurgical
sagittal split osteotomy. Rev Stomatol Chir Maxillofac 2009;
110:273–277.
46. Degerliyurt K, Akar V, Denizci S, Yucel E. Bone lid technique
with piezosurgery to preserve inferior alveolar nerve. Oral
Surg Oral Med Oral Pathol Oral Radiol Endod 2009; 108:e1–
e5.

9

47. Bovi M, Manni A, Mavriqi L, Bianco G, Celletti R. The use
of piezosurgery to mobilize the mandibular alveolar nerve
followed immediately by implant insertion: a case series
evaluating neurosensory disturbance. Int J Periodontics
Restorative Dent 2010; 30:73–81.
48. Salami A, Dellepiane M, Crippa B, Mora R. A new method
for osteotomies in oncologic nasal surgery: Piezosurgery.
Am J Otolaryngol 2010; 31:150–153.
49. Stacchi C, Bonino M, Di Lenarda R. Surgical relocation of a
malpositioned, unserviceable implant protruding into the
maxillary sinus cavity. A clinical report. J Oral Implantol
2010; Sep 7. [Epub ahead of print]. DOI: 10.1563/AAIDJOI-D-10-00107.
50. Vercellotti T, Nevins ML, Kim DM, et al. Osseous response
following resective therapy with piezosurgery. Int J Periodontics Restorative Dent 2005; 25:543–549.
51. Preti G, Martinasso G, Peirone B, et al. Cytokines and growth
factors involved in the osseointegration of oral titanium
implants positioned using piezoelectric bone surgery versus
a drill technique: a pilot study in minipigs. J Periodontol
2007; 78:716–722.
52. Oh JS, Kim SG, Lim SC, Ong JL. A comparative study of two
noninvasive techniques to evaluate implant stability: Periotest and Osstell Mentor. Oral Surg Oral Med Oral Pathol
Oral Radiol Endod 2009; 107:513–518.
53. Balleri P, Cozzolino A, Ghelli L, Momicchioli G, Varriale A.
Stability measurements of osseointegrated implants using
Osstell in partially edentulous jaws after 1 year of loading: a
pilot study. Clin Implant Dent Relat Res 2002; 4:128–132.
54. Glauser R, Sennerby L, Meredith N, et al. Resonance frequency analysis of implants subjected to immediate or early
functional occlusal loading. Successful vs. failing implants.
Clin Oral Implants Res 2004; 15:428–434.
55. Östman PO, Wennerberg A, Albrektsson T. Immediate
occlusal loading of NanoTite PREVAIL implants: a prospective 1-year clinical and radiographic study. Clin Implant
Dent Relat Res 2010; 12:39–47.
56. Barewal RM, Oates TW, Meredith N, Cochran DL. Resonance frequency measurements of implant stability in vivo
on implants with a sandblasted and acid-etched surface. Int
J Oral Maxillofac Implants 2003; 18:641–651.
57. Abrahamsson I, Berglundh T, Linder E, Lang NP, Lindhe J.
Early bone formation adjacent to rough and turned endosseous implant surfaces. An experimental study in the dog.
Clin Oral Implants Res 2004; 15:381–392.
58. Valderrama P, Oates TW, Jones AA, Simpson J, Schoolfield
JD, Cochran DL. Evaluation of two different resonance frequency devices to detect implant stability: a clinical trial. J
Periodontol 2007; 78:262–272.
59. Huwiler MA, Pjetursson BE, Bosshardt DD, Salvi GE, Lang
NP. Resonance frequency analysis in relation to jawbone
characteristics and during early healing of implant installation. Clin Oral Implants Res 2007; 18:275–280.

10

Clinical Implant Dentistry and Related Research, Volume *, Number *, 2011

60. Berglundh T, Abrahamsson I, Lang NP, Lindhe J. De novo
alveolar bone formation adjacent to endosseous implants.
Clin Oral Implants Res 2003; 14:251–262.
61. Di Alberti L, Donnini F, Di Alberti C, Camerino M. A
comparative study of bone densitometry during osseointegration: piezoelectric surgery versus rotary protocols.
Quintessence Int 2010; 41:639–644.
62. Compston J. Bone marrow and bone: a functional unit. J
Endocrinol 2002; 173:387–394.

63. Schindeler A, Mc Donald MM, Bokko P, Little DG. Bone
remodeling during fracture repair: the cellular picture.
Semin Cell Dev Biol 2008; 19:459–466.
64. Stübinger S, Landes C, Seitz O, Zeilhofer HF, Sader R. Ultrasonic bone cutting in oral surgery: a review of 60 cases.
Ultraschall Med 2008; 29:66–71.

